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HILI®ARY GEOLOGY
Chaptec 13, MILTPANY-GECLOGICAL MAPS AND METICES OF CARTOGRAPEY

referTed to in the text are not reproiunesld but are svsliadle
in the original Soeumemt at the US Geologieal Swrvey./

General Information

In thoso cases Wisre, for the study of a lueality from the niiitary-
geological point of viev, 1t is mot possidle to make direst cbservation éue to
somlitiome of the military situatiom, 1% bebooves the military goologist to
umke pricr use of geclogieal dosmmstation vhich has alresdy bex: prepared.
% cxperience of Worid War II shoved that the previens prepearstion of spe-

she assembling of data om & loeality whiek is meesssary for vorking out yians i
of strategy, the exseutica of variows operaiions, and the &ifferont kimds of .
engineering vork sommested vith the solution of ths tastieal mission. 3mch

dats on the alimstis, hydrogrephie-hydérologisal, gecmarphologieal, geclogieal,

Ryarogeologisel, amd 501l esmiitions sids the ecsmmmd in the eawimet of an

mgngumnt anl in $ho exesuticn of any waginewring usamres. It pm 2ite

jwigamt to be made Defarehand of the reguiremsmts of teshnlxal squipeezt and

mapover, end makes possidls (ho estedlishment of dates for the completion of

vhe varions phases of the werk. Fartheracre, sadh dsta csusiderably faeili-

s

Vaea nilitary-geclogieal mrveying and prccgesting sre not yossible,
the wricr eompilatin of military-geslogienl mps sad gasettesrs sonstitutes
the anly geologiesl date Wit Whieh either the officere of the /aricus Yrenthes
of the armed foress or the militery geologists »a sterrt.
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The v~lus of sach docuweonvzbion o off'lcere io Acuermined, asido from the
promptnoess vith which it 1ls recoived, by the commlieteness of the data pre-
sented In it, and by 1ts fitnesn for uss, It mist be drewn uv eorcisaly, on
the principle: “Iverytding neccesary and notaimg superiiious.” o

Utmost clarity and breviiy of documentation aro achioved by geephic
resregentation of any data in the form cf mapi, osctions, dlsgrame, o’e,

The greatest adventnge of military-geologicul neps is the convenlence
they affwerd in eppraising any militery situation in a 3rological raspoect.
Finally, on meaps and scotioae it 18 eany to ocvroot tho rosulte of neuwly cob-
tained dete from militery-geoclogieal svrveying nnd progpeciing. Taerein lies
ths advantegs of militery-geological meps end 32-ciong in campwlsa:z with

varhal meravwind .

At the some timo, militery-genlogicel maps are to ¢ gerlvin owient
penematic, bocouse thelir mele-up Is bornd to taks the Iarm of certogrenhic
generalitias, éue to the impossibility of tranmmitiing all goologisel im
Fosmaticn with the lesired exactnens, espeolelly in amt.Ll—.cala wans.
Therafors, tho principle of "esnential representation’ of Gatn having 4l
most practical. significance mei be esrscially strictiy cirerved in
niiltary-goclogiend mope. The contont, complotancss, and Mnllinece of uwiil-
tary -zeclopicel raps ia =i,atem1ned by their susle end purncse.

In this conpectim, defors descriding the types of military-goolopicol
mA%G, vo tale 1% the bacic types of tirog.phical mespo vaed by ths mrmud
forces.

B. Mlitary Mapy

AT LN L R e a IST
.uwy:’uu».uq, (& We1AT DAIPOSS) Tuas Ty

operationcl, strategic, ond special,

Tactical maps belon; to the catescry =f large-eccle meps (l: :090,(C
end lavger, which permit orisatatson .o th- ui tlefield (am zrea of iven :
fev +.0 dozens of pjuare 'ilometers). Such nanc are intended for the
corimnders and staffs of smell milita:y unite,

Jperutianal end oty tegle mams bolong to tha ea avory of amell-amczl-
mars (smaller than 1: 1C!,000) permit:ing tlc imdarturt part, accordin; o
the 8ize of the territor;, to be emcxuriss:d. Such meps are intentod vedrlly
for the siaffe of lerge 'nits {groups).

.'l‘he soales of the U fferent tyjae:: >f rmilitay topographical meps erc 3
follcis: .

Tactlivel mayps are of the soale 1: 100.C20 and lerger, For spersely
inhsbited placo., aps «f 1t 200,000 scxle ae sometimes uced. The aceles ol
tac.icel. maps ire chesen eocording to contont and purposs.

Map> of L: 10,000 swade (ecometimss lirgwr) are "pcsiticmal,” for the
ter=3it vy azjacent to the zone of operations. Mips of this type ero used ~ur
the sxesution of operatiwmal teekn by airbarne units, army aviation, etc.

Maps of 1: 25,000 scale are the dasic tectioal meps in positioned
verfese tnd are used as firitg supa.

Mapi of 1: 50,000 scale ars comsidured the basic tactioal maps in varfare
of mensuser durirg large offensive ani defensive uperetions. They are
nrevered in edvance and in large sizes.

Mrag of wiis svele eomstitute nlso the maps of oomoentretion of rein-
faroermte in nositionnl werfore.
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Maps of 1: 100,0C) scalo sro the basis tectiosl maps for lerge mechenized
_or cavalyy corpa. They also repnlace ihe basic tastical map foor tha other
tranches of the armed foroos in engageissts and 1n the ocnduct of milivary
oparetions in uninhebited regioma. At the same tims, ibey sarve as large-
scale operctionsl mxps.

Operstional maps of l: 200,000 to 1; 500,000 scele fmeoilitate any
dooision b7 & commmnisr sad staff during mreparaticn of ocsbat operatims and
sxooution of those decisiona, These mape serve to provide crientation (wring
ombat opsrations of large mrwod units and for the general acoonnting of
material resources supplying the oourse of operatioms in the bettlefield.

Amewss onavations mane the folloawing typea way ha distinouiched:
J: 200,000 soale mape ~ ocnoertration maps, oompulamry far staff’ and troopw;
13 500,000 scale maps ~ geoeral cperations meps for sall sombat theaters;
1: 1,000,000 soale maps, whieh nsually oonstitute the basic mep for the
various specialised oper=tions mape.

Strategio maps (of leas than 1; 1,000,000 moale) serve for the genersl
study of ihe oombat theater. Depending on the size of the ccbit theater and
the degree of nowledge omosrning 1t, thoe scale of thess mmps rmy be
1: 1,000,000, 1: 1,500,000, 1; 2,%00,000, up to 1: 5,000,000,

For UBER territary, the Germen fascist army used tastionl raps of 1t
25,000 soele (Poland, Lithmania), 1i 50,000 (Mosoov}, and 1: 10¢,000 (Poland,
Litkwnia, Russia), but their opsretions maps exd air foree mape were on the
soale of 1: 300,000 (Eastern Exrope), 1l: 1,000,000, and 13 2,000,000. There
are tactical maps Sor German territory on soales from 1l: 5,000 to 1: 100,000.

With eontemporary modes of warfure, topographical meps alare prove
Mnnuumutrmmo:«m

apecial
(TH: eirbarnet) srtillery, tack, and others. Among specialized maps dolong
raiivey undi sapply mpe, eni survey wops, vwhish oontain other infoarmstion of
o narrovwly specialized cheraster and which have significancs in the scadnet:
of omdet operations or in the mreparation for them, In this cetegory aldo
delang eooncmic, politiecal, military-geologiocal, and several other types of

Tkese meps complemsnt the ganersl military mape (tactical, operatiamal,
strategic) but alsc have imdependent significance in the preparstion and
exacution of ombat operaiiums and aflitary-mgineering measures.

The necessity for military-geclogical maps srose during World War I as
patural consequence of the development of xilitary techniquos and modea
of wrfare. Gedlogists' wark in this direction bdegin as early s the spring
) S in all srxies, Dut espscially in the sruiss of the Westczn Exropean
. Ry the suamer of 1916, the Dev apd, Tresticelly speeking, very im-
£1el4 of military-geologival eartography wes esteblishes..

Daring VWorld Hsr I a grest quamtity of- specialized geclogiocal mape,
which Decems ibe dasis of varicus military emglusering vorks, vas ascamlated.
methods of their ooapilation were Deing determined in different ways by

varions delligwent povers s»d even dy the waricus armies.

rertain ehangss vare mads in these mape im vAich spocislised,
replnesd by simpler, mwe prectical

mm,bymmlqnolﬂ‘mntrmuxu
q,mummmmmmmmum-qmn;
areated.
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The most suceessful maps wers thoss, made far aspeciiicelly deeignated
purposes, in which only those geclogical pecullurfiies of a regicn whion mignt
inrluence the exeaution of u given nheas of an engimsering task were ghewn in
" resuily degiviv ami graphic form. Al mebtora of secomdory importance were
either (mitted emtirely or were shown in much less devail. Meps withk much
geologloal, hydrogeologicnl, &nd other infarmation gave rapid and sufficlently
tull and spocific anawers to thig or that geries of quostioms.

Inaamaich as mepa which parnit only ome interpravotion of dnota are read
most guickiy and easiiy, it ia antural that thoss which show only geological
dave with prectical signifiocance foar one, twn, or, et the moat, three aopecve
of an engineering task enjoyed the greatest success.

As practise hee troven, it does not »ay to sanemble nll zeolomical doto
necessery for military asims on ome mop for practical use by the srmed forcso,
even though the attempt to vrepare that kind of mop has been made meny tlmes.
Soch calloted complex rmepe; or as they are sometimes called, "survey maps,
were prepared at the vexry beglming of World Wer I,

The scalo of these meps &s fraxr l: 200,000 to 1: 500,000 or omeller.
They make 1t possible to drav conclusions of a gensral acture in the sclation
of operetionel and atrategie qusatiouns,

Latar cartogrephers progressed to the preperatior of apecinlized militery-
genlogicel mape for diverai™ed f£ield purposes: maps of goologlcal comditlions
for fortificatiom operstiong, msps of geological comdltions for undergronnd
mina warfare, water-supply mnpa (maps of water utilizotion, mmps of wator
pivea, etec.), maps of the region’a traversadbility for tenks, maps of the
geological conditions for hydrotochnicel operatians (creation of water
barriers), maps of mershes erd lowlamis, maps of the gsologlical conditiona

of the wegion, maps of Avuinage high wvater, amd £2>cdp; maps shoving
diTficulties of using the ground for military-engineering com@tructions,

maps of the ground comditions for the selectiom of artillery positiona, soil
mons, maps of landelips end avelenches, mapa of the vorious effoots on the
ground of shells and bambes, maps of the geological conditions fo gap attacks
and antiges defense, mevs of geoiogicel influences on telsgraphy and roedio-
tolegraphy, maps of mngnetic declinstion and spnomelies, maps of strategic
minerals, various neeful minerals exploited for military ands; maps of
on-the-spot, minersl ccmstruction-materials, mape of the leyers of mineral
dyes, eto.

The scale of these mapo devends upom their epecific purposes. For
oxrmple, the cecale of the traversadility, water-cupply, and minsral con-
struction-materiel mape may be either large or small (1: 500,000 or ameller),
but mors often, apecialiled militery-geclogical maps are of large scale, from
1: 1C0,000 to 1: 5,000. They affoed the poscilility of evelueting tho goo-
logicel situatiomn with great aoecuracy. The most ugeful mps ror practical
purposes in World War I proved to be thoee of 1li 25,000 ecale with ropresen-
tations of the int tary, quaternary formeticns, the so-called "non-
uncovared /conoealed? mapa,

On such mups all informetion is aliown in o farm readily legidle to
offiocers, i-e., not in the form resulting from the usal geclcglcal odbservation
but giving only appropriete sonclusions and gemersligctions from thess ob-
ser'r ions, most cften with spe ific recoumeniations, in vhich ths streto-
graphiocel £nd genetic indexing were sometimes preserved for gsulogists.

The most convenient farm of oxplanation proved to be tables which were
applied to ths map. In these icbles, looated on the eome sheet as the mip
o peparately, ero Fummrized the mosi impartent datz Tar military purpcses.
The table “ar the preparction cf the positicn before Stanislav (aee Tadle 38,
appended mey serve os an excrmple,

In Grver w Bavw Lo euiuvgicel Tedikires in o more or iSso depressod
-l -
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lowland, sectiors are frequemtly mede which have mroved quibte neocesssary for
gomo parposes, partiemlerly for mine warfere. The sectioms were locatsd
almgaide the mape on the same gheet end only rarely were issued sonsreioly.
A perticular foarm of gealogical secticms used in eonjunciiun with topograph-
ioal mAps anjoysd great popnlarity amcng the armed foroes. The ssetions wers
pluced on the topogrophbical mep oarscpondiag to it alang appropristo linss.
The neture of the strata which had militery eignificence wes nhown in calors.
Iry strata, seitadle for mine operations could also be distinguiehed on the
seotians.

Ths uso of the complex auxrvey-type of militery-gsological mep grew
areatly during World Wer IJ, but the necd for epeciaiized military-gealogical
meps grevw inocoparably move. The present store of maps of this type hss
ghunmad 14o41e atnos the neat lHeeld Uay, Tk the sembantn of casisfn togen

of apecialized mope has changed.

Withat comsidering mlitary-gealogicsl maps published In USSR, we oite
balow the basic types of militery-geclogicel mape whish have reachod the
widest ciroulation in elmost all oontesporsry armies. Amcng ths mogt in-
portant are the mmus vhich shvw traversedbility of texrain, conditions of
army water supply, and layers of minarsl construction-meterials, eamd also
mps which characterize the geclogical ani hydrogeologicsl canditicome for
the srestiom of fartified ecomstruotions.

D. Maps of the Traverssbility of Terrein

In World War I, geological snd other maps vere little used for the avalua-
ticn of the travarsability of terrain, basically decense of the lack of prolimi-
nary gethering and intexpretatiom of pertinsnt geological ard hydrogecloglcal
data. In literature om the n.b.!oot, however, there m reteronoos to such &
type of map. This, for siEmpie, im ths Yegimoing of 1517, ibs Freuch Fiftn
fxmy losued o uap of & part of the Rhine sectar on a 13 80,000 ascals, in
which thers was given & classiffoation of superfioial geclogical deposite
acoording o dsgrees of their traversebil .ty in the dry and w»t seasons of

the ywar.

A traversability map of larger scale (1: 20,000) ie knmwm for the reglon
where the Frenoch Thiré Army was mtationed (Fig 92}. Thet mep was very primitive,
but 1t vas Dovertheless, used snccessfully dy the axrmy. The mroject of & vhcle
series of ecpecializsd tank maps vas varked out by the Fremab Gsogrephicel
Institute, dut ajparemtly not a sirgle ono of them was ever publiaked,

The Bri%ish had maps vhich oontainyd an extensive classification of the
territary of the whole front accarding to the dsgree of traversadbility cf the
4ifferent regicns, whersia a charastaritation end evalunation of the poesitility
of tank utilization vas given fo' eack region.

It i1s possible to estedblish fycm oertain Gerren spesialists taet the
Qerman Army attached especially great impartance to travercebility maps during
offenaive cperations. Aocccrling to Seldliiz, 1n many coses, the Cormmns based
thelir tactical pilars of cperatioms in certain regions almost emtirely upen
informetion derived fyrom that kind of map showing the traversedility of a given
territory. % 18 known oAt Sn tho entwma of 1918, suxrvey tonk mapa ware Srawn u»
for all Flanders, in vhioch the regions vhick vere suitsdls for the construotion
of water barriers and the widespresd regioms of ry sand and elcy which were
better swited far the ocawtructicn of dry tank treps and for laylng *ank minos
oc1ld de dintingnished.

Fartheraore, for this ssm> territary of Flanders, special mups of the
camnle, showing the ehxrecteristic Darmeadility of the grornd and the camal
walls' resistsnoe to dDaberdmsnt, vere Arewvn up.

Geographo-norphologleal (T3: oomtour?) 2eps, also called "regicmai maps,”
are oiven used, €00, tO evaiumte tie traversepiiity or a terrain. They anow ail

-8
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the ralief foeatures which ore most charastorisiic and important from thy
‘stendpoint of craversebility, such as: plateaus, lovwlands, steep precipices,
river bealng, thick netvorts of mlliss of very A12Menlt troversedility,. o
morashy sectors, periodiselly flooded seotors, and dunes. For regions of
roughly troken land, speciali survey meps ware jrepared in various colors or
wints, in vhich the differant elevations were indiceted by &ifferant colers.
For the plaine region of the Rusa?an (Esstern) Frant, a very clearly difPar-
entiated churacter vas usually g 7. in treversability maps to ewampe and
morshy land, flcoded and perticv.’ |y nemacing sectors of unoontrolled
rivers, eto,

It 1s werthy of note that for the reglon of operations of the Gerre'n
Beventh Army, special "swamp mape” vore issusd.

The®o m8pe brought ocut clearly the verimus bog denths dy classificution
of up to 30 centimeters, 2 moters, ond cver 2 meters. They alsc showed
cleerly the pleces of pogeible raseage for infaptiry, cavelry, artillery,
vehlcles, armared cars, ond tanks, and the most suiteble ceoters for the in-
stallation of poeitions by ocomtours and specisl algns,

It u5 ~vident from the experience of World Wer I thet the problem of
ilerrain traversability contimued to grow in lmportance and thet specisl
travarsabllity mape prepered beforeband are necessery for use on the front ’
aince the (ata of traversebility given in military topographicel mep e
fay from complete.

An egtimetion of terrain traversability must be made in the elaborction
of plans of etrategic operations, in the asolution of operationel-tacticel
Jroblems for all types of troops, and even for each Iind of troops geparately,
in fortification operatioms, in the arrangemeat of all types of defeasive
lined, rescistance centers, etc,

The traversability of terrain is not the game for tanks end mutarized-
mechanized artillery units as for infemtry, and depends largely upon the
tochnicel equipment of en army end om the inherent situstian, the time of
yeoer, etc.

At tha present time there exist ccveral forms of traversability maps.
Besides the emell-scale survey maps, which were so widely used by ths staifn
of large units (groups) in working out operaticmal or operational-tactical
problems, wide use vas mede by the armies of the variouo psctional mpg,
which as a ruls were rnde on & larger scale and in grester detall. Such
shooinilzed sectioral mrpe include “ank-traversadbility maps, msps for
asgotlation of water darriers for the varius branches of the farces, meps
of roeds, paths, bridges, wpter arossings, meps of bad roads caused dy sea-
sonal reinn (ccnditiuns of traversability of the terrain and of the rocds in
the bad semeon), maps showing imindation and marshiness at high vater, mus
of the traversability of swamps, mioklands, estueries, and negotiation of
mountain pesses.

As traversability oomiitions change greetly, depending om the time of
year, climatio pecullarities, ots., thess maps in che majarity of cmses cre
camonsd, like forecast reps, of such-and-such traversability conditions 1n
specific seesons,

Infarmtion ¢n terrein traversebility is warked up in variocus vays in
tke vericus typus of meps. The wethols of [raparation of thoes maps are not
in the least atsnisrdized. On the smrl-sonls, murvey, traversadility mnps,
the vhole territcy is vorked cat more or less equelly, end nfxxrmtion aom-
orning all basic factors 1o chown £2r the traversability of specific terrain,
sach es: relief, hydrogrephic netwark, soil layers, vegetation ocovering, rocd
metvarks, dridges, wacer sroesings, unfavcreble physicel gsologiosl foa sures,
elimate, all kinde of artirioial obstacles, etc. On rmeps of this tyvs, the

- g -
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Awiston Inio districts 1s almoet always carried on by 2 oode of signs, On
the lsrge-sonle, speoclalived, seotiopel maps, es a rule, the ares ig worked
ot 41 unegquel degreor of datall, i.e.. only the date vhich hoes wreetiesl . .
signifiosnce for the given type of map 1s shown. Fov example, 1t might wall
Do that on & mep for negotiating weter berriers, no light at gll 1s throm on
the problem of the traverssbiiity of a neerdy mountain pess, and vice verss.

Information on terrein traversadility is also found on small-acele
googrepho-geologioal mape. Fig 93 shove a captured Gerwan militery-
geograPhical abetch, issued in Germany in 1941 shortly before the treachsrous
Oorman fasocist attack cn the USER. By various comtvemtichial aigns, this map
distingnishes regions 4iffering from each othar in goil oconditicms, end for
; oach region the legend givn a Mt, vm geuaral characterization o? tlhie
S e pesldaitieon of redlel foaliies, of W Lysrograpuio meLwirn, ol oweips, of
forested areas, of the depth of the vater tabls, with s general evaluatiom
of the terrein treaversadility end its seesome) variations. Isclines set off
“ones of egual duration (in months) of frost, and particulsr contours are
used to set off eress of deeply out ravines and gorges exd secticms rieh in
oatoropping rook layers. Detalled explanetions and cherecterizntions eare
given in a specizl supplemont to the map. BSometimes traversability meps give
anly data lacking on large-soele topographiocal maps, which neerly always chow
relier Teatures, hydrogrephy and road netvarks. In such oases a diagrammtic
treversadility map coxplesents thes topographioal msp to form one integer with
it. Buch maps show the areas ocomupied by soil, warshes, forests of varying
degrees of traversability, and they set off tarrain characterized by special
conditiong of traversability, as well as sections gusceptible to imundation,

STAT]

Kre detatled desariptioms of the verious regicns are given in special
tables of traversabdility fastors, in vhich the influence is pointed out of
the separate factars of traverasbility upon the movememt of the various types
of transportation and variocus kinds of forces in dry, rainy, and vinter
veather. Frequently infarmaticn is presented eomoerning the regiona’' provision
of road materiale and water.

Problems &~is.ng in the arganication of army water supply frequemtily o
have to be resolved without gaking hydrog. ological investigatian. Urder var
oonditions even in t:: heat ¢ases it 1s nnt possible to receive more than a
3mal)). Jart or tie nncessery date vhem gathered on the spot dy opeoialized
engineering surveying and prospecting.

Moet often it 1s nocessary to supplement this with nreviously prepered
material elucid:ted In oape and refarence bdooks.

The data roquired for aymy water supply is of very diversilied ncture.
Therefors, it is not alweys possible to reflect it all in one readily legidle
mp. In the predominant majeity of cases, water-supnly maps are composed
soparately frrom the other types of military-geologios) maps, and oniy 2
oscasiomally are they cambined with soms of ta x, as, for exxaple, with fortl-
fisation ocnstruction mape, with maps of hydrogeclogical and hydrctechriocl
dsta, eto. Frequantly, for & given region, seversl types of water-supply meps,
of 4ifferont oonterts en’ Aiffarent sonles, are Jrepered.

In omtrest to all other types of specialisol, military-gnologicel mape,
the omtents of vater-sxpply mape have changed very little Orom the time of
World Var I. Therefare, tlat rish sxpsrience viich was geined during ths
war period, 1924 - 1918, is of g@reat prectical interest for the compilation of
watur-pply maps at the present time. In the mrjority of eases in watar-amuy~ly
mpe, the grectest attemtian iz givem to infarmstion concerning existing vater
pints, the most eanily chtaivalle shallow-lying water, and water tadles.

In World Wer I, the Amsrican and Pritish Expeuitionary Foroes peid

«T7e
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especielly great attemtion to the cheracteristios of water tables. The Amcrican
Arzyts "hydrogeologiocal mona” and '"weter-supply meps” prve the volumes nt
rivers, sahowing the usual meon end mipimm, epd loss of'ten, the maximum.

It mast be notod that in estsbliching the volume of rivers, especiclly
rivers lying in snomy-oooupied territcries, meny d1f7icultles alvays arise.
Often it 18 to bs observed that even thes very experiemced hydrotechnical
ongineers oamot alvays furecest the yoseidle valums of a river. Ascording
to Brooks, o unsoccenstul astempte vere made by the American Army, and
geologiste eved more suscessfully the work of eptimmting the rescurcos
of gaperficis) water and of forecesting the volume of rivers,

Trying-np sagments of vivers, rienlets, smringe end uelle,. duch on wory
voluminous wells, water holea, arnd aprings were designsted My perticular
symbcls on American meps. In the coee uf a group of weter pointe, their
quantity vas indicated. Furthermars, the prossnce of water-distributing
stetions, pamplog worke, woter-piping srstems, pomds, eta., was moted by
letters on the mapa.

In Brooks' opinion, the practiocal nignificence of meps of this type
would bave bsen greatly incrsassd i tho dopth of ths prinoipel water tedle
hed been shown on them,

" o In the explanstory notes to the maps, there was clvays an alphabetical
1 G list of the inhabited pointe with o vompleto indication of' the water mapply.

Similar meterial was issued also by the British Uxpeditionary Force.
In the explanatory notes to these meps, in addition to the sources of woter
supnly of each region and the slvhsbetical indication o water eupply of
the imbabited pointa, the iype of moGhonicol equimnbni negessory for dreving
woter was also usuelly iovm.

For snemy-ooccupied territory, suck meps were prepared for each of the
verious regions, according to the type of water-supply source.

o These meps carved not only for stréategic purposes but alsou to enable

- tae forcee to chcose apd premare in good time the aprropriate cechnical means
vhich would b9 required in the arganiration of water supply in offensive
operatiorsa. )

The fullowing extract, quoted by Brooks, {rom the explanatory notee
gives an exArpls of the mature of tha information oconmtained in thia type of

.. map:
g Area 1. PFPlenty of gsurfove woter, Water of H-cenal 18 vad 1n flex-
. rotiing period. Smal) wells a feu metcrs dced %111 supply “reses in eny low-
lying plaoe.

Drinking vater: Smell guentity, Utilization roquires steri-
lization (either by alum treatmumnt o zhu«crinization). Irilling not practiceble
bocause of Temstsk /i/ esxl (tis duwpesi Zucene stratun), wWater saity.

Neocessary Wquipment: Only hand vumps, equipment Por
sterilizatlon of comtalrer:s or comveyors. Alvm trestmont inctallistion,

Area 1IV. Clsy; lying on Twnetak sand cver anolent strata, Springs in
~ the valleys at points of contact vith anciemt strata. Some quantity of water

vas obtained from the Tonetsk eand by drilling., Sufficient surfuce water for ’
haorses.

Noco :aary equipment: Suwrface pumpas for springs. Pumpe far
piped vells without air lifcs. Ashford /Esohford 1/ stean enginos.

Ares XV. Colite limestone covered with alays amd scometimes with sends.
- 8-
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A omall quantity of springs in the valleysfrom the limestons, but in general

the locality 1s dry. Drilling 414 not extract vater from samd.
Nocesuary equipment: Surface pumps and pamps for pipsd wella,

STAT]

Mr 1ifte.

For strategio asll tactical purposes, the Inglish likewise ismued
hydrogeclogioal maps of enemy territcry by districts. The quantity and
quality of vater of ths verions regions was taken se the basle far separation
into Alstricts. They took as the unit of measurement a gquentity of wnter
equal to 300,00C liters, which might De obtatnsble from un area of 50 aquare
*1lomsters. Reglons of sebundant, medium, or slight watar rescurces were
dssigmted by differemt oclor#. In each region, in turn, areen of oood end
bad water wers Saribed.

The Trench armies separately iacued maps cB which the distributien of
scurces of vater eupply, specially adepted for militery needs within the
limite of their positions, wes shown,

In almost ell countries, vater-supply maps were lerge-scale meps.

. They vers mrovided vwith brisf s¥pleastoey texis or teblos, Op ths mps and
in the texts vas recordsd all information ooncerming existing nr poosible
veter sources, including springs, sells, reservoirs, vstar pipes, cisterms,
rivers, lakes, ponds, and subterrsuean water accessible for use, The groantest
signifioance wee attached to data somverning the quentity of water s tut ite .
quality was alec notsd. Especial attention wao peid to seascnal fluetuaticns
in the volume of superficial strecnms and levels of subterraneer waters.

Among the first German hydrogsclogionl meps vas the vater supply mep
of srmy Oroup £ (of Stranz). The map was mads an ths scals of 1: 50,000 en
the basis of one amd a haif yeer's systematic obaervation of the wells and
acurces. Such hydrogeologicel mapr, as vell as gpecialized maps of sub-
terraneen water, were compiled in the other German armies of the Western
Fraat. The different methods of obtaining water, depending upon the hydrogeolog-
loal omditions of the regiom, vere distingnirhed cn thene maps. Comventiouel
signs vere ussd tc note also the possibility of drawing vater from vells, with
allowvance made for sxisting oonsumpticm.

Most important for all hydrogeologicel maPs 1s the information conoerning
the depth of the vater tadle and the possibility of seascnal fluctustion of
its level, Buch maps vere ofter uscd ir combinatica with mape of fartification
oonstrusiion and underground mine laying. For areas of variadble water-teable
levol and for areas with few weter-supplying streta of practical value, thess
maps showed the disposition of the secomd and even the third water-oupplying
strata. The direotion of the vater's flov ves represented by the aid of
kycrostructure comtours. A map o & soale of 1: 150,000, ocompiled for a part
of the Camdrai-Lille esectcr, may serve ee an sxample of that t;pe of map.

It is muitadle not only for the resolution of the vater svpply problems but
alsd in eluciéating the comiitions of underground mine lewing end fortifi-
ocation oconstruotion (see I'ig 96).

Where thers vas a troksn or unreliable layer as the first of the shallov-
lying vater-supplying strata; St was usually repressnted with arveehatiiing.
The fluctuation of water table was most often shown in profils,

Water-supply maps vere coxpiled on the basis of such & type of map
ehoving the dispositicn of sudterrane.n vater. Apart from the distridution
of "outlets” or subterrencan vaters anl areas of prevalence of Gesp ar shellow
vater tables, indicatiias ware given of the quantity emd quality of vater of
the varicus sectims (Snclwding hyglemiec mevperties).

For esch tovn and inhabitel place there vas presented a quantitative

. omd gmelttative shernctirizaticn of AN Wi smupply cuaMibicis and of aii
-9 -
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The most highly regurded example of thie type of water-supply map was “h9
one for the vicinity of Cnte-Lorraine (narth of the city of Metz), on the wua’=
of 1: 50,000 (lnter re-issued cn the noele of 1; 25,000). To e map of thie
t.ype vere sddod specially mbliahed instructions, vith graphic diegrams of the
mbat expedient methods of vater supply: the construoction of wells, the eoxecution
of the deeyest driiling, mud methods of damming cr hernessing etreams. In che
veginning, these instructions vers printald on the reverse side of the mep, but
later they were both issuod seperately.

STAT
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01 vthese maps one vould GISLINGIAGR Wis 56TWIES OF O o AS0T
end the inhavited places where troops wers sale from woter-supply dangers.
Tt was aleo indlcated how meny troope might ke billeted in this or that ¢
or villege. Pointo where high frequencles of typhoid or other illnesses
connsoted with faulty water utilization bid been observed vers particalayrly
noted,

Great importance was nttsched to mape of the weter piping of inhabited
plegen. Thus, maje of the water oystems of the eities of Celais, Dunkirk, and
Bovlogne were prepercd by geological orgenizatione om the dasis of existing
dota aveilable from litersture on the subject together with informetion gained
fron sericl observetion, Thero are existing indicntions thet im forward
popltiona, line troops likevise used special maps of hydrotechnical operations,
on ¥hich points o present cr possivle veter consumpiion were merked by
particular signs, vith indications of volume of outpu® and all types of
hydrotechnicel measures. On beints vithdrawm the troopu hended these runs
over to their relief.

£1g 97 ehows a Germpr vater-iupply map, scals 1: 25,000, published after
World War I, vhich in the opinion cf German specielists, pr-ved to be ome
of the moet succsasful.

‘This brief survey of the water-supply maps of Warld Wer I emd thy
exverience of World Wer il shov thet for tae organizetion of army weter
supply, informaticn concerfing e:isting eources of wator with “he cutput
volume of the most productive souvnes is of vrime impa-tense.

Aleo of very greet Yractical interest ia Informetica comcerning the
possibility of increesing the pr~ductivity of water sources, the necessery
measures for 1ts accomplishment, ¢nd the ralatiomship of aveiiable mears of
draving vster to the produotive ocpacity of the water souvces. Whenever
springs ere conoerned, infarmation ocucerning the most ratiomal types of
damming (or Larnesaing; 1e of gre:t importance, but far zcnss with sut-
croppings of vater-bearing strats, infarmaticn comserning the i(ypes of vater-
retaining eonstructions is perticalarly importent.

Cf no lese importandd i3 data ccaverning wats. pipes, vetor-2onduit
systems, all typss of reservoics 74 vater-suppiy tanks, equipment of water
holes (including surfaco equipment), deta comoerning purifying ocnstyuctions
end installations, scuroes of pollution, ete.

At the present time, the wiAcet variaty of types o maps of diversified
ocontent and ecale is used in the solution of problems commooted with the
appraisal of water resources end mganization of water cupply. TExemples of
theze are militery hydrogeologioal maps, meps ol avaiisble souroes of woter
supply and vater consumption, vater procurement, etc.

If 1t 1o impusaitle to ohov oo military hydrogeologi=2l meps all the
data neosssary for the solution of practical problens o army valer eupnly,
snecial mapa of the water scpply of inhedited places are j.‘epared, with in-
dications of the quantity of voier poinmts, depth of weter level in wellc and
water halas, volnme of unter {n velle, and maximm posaidle water with@ravel

-10-
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An owbic motera ner 54 houra foom al) vetor polinte.

Most oftem this infarmation is given in special tebles located on the
margins of the wap. On the mep 1teelf, only the sizs of the inhabited places
is marked. Sometimes partioular eymbcle are given for the inkabited pleces
depsnding on the predowmirent type of water points. Frequemtly such a mep
shows mergins of prevelence of water tables at varying levels, the vater
points lying outalde the inhadited places, and the volume of rivers and brooke.
Soch maps permit epeedy deteraination of the water-supply security of an
ermy in any disposition of foroes, and of the locetiom and quantity of neceu-
eary end nov vater points. They elso permit the preperation ai the proper
i and ii nevonsary gquantiblss of ths tochanicul moanms of water extrostion end

murification.
F. Mps of Brergsncy Minesal 'mterials for Coustxustiom end Camouflage

0f all types of mpucialized military geclogloel meps the most frequentliy
roquived are maps of smergency minersl materials far ocmstruction or camouflege,
with informetion concerning the location end suitability of strata for specific
miitary purposes, infarmation concerning the stooks evailable and the condi~
tions dstermining thelr exploitation, informeticn sbout querries and other
depositories, sonvenlence of acsessibility to them, etc.

Such date is glvem oo maps of the verious ussful minerals epd im maps of
minsrel construction materials and mineral rov materisls for dye-meking. Some
information {s available from geological, lithologloel, and enginsering-
geologioz)l maps prepared for various purposec in time of peace., However, the
experiance of past vars and especially World War II teaches us the necessity
of preparing specialized maps of emergency oomstruotion end cemoufiage mite-
rials, since the information on mand, gravel, stome, and camoufloge materials
in the previously mentiomsd typee of civil meps was ususlly very limited end
often proved to bo obsclete.

Sush specialized maps were of the smell-acale, eurvey type Yor staffs
of large mmy units (groups), and the more detailed large-scals Lype was Lo
imrmediate usce in indicating places snd conditions of explelitetlion of emargency
construction and camouflage materials. The cbova-mentioned mapa are best
coaposed on the lithologioul besis. Areas or roints vhers, in tims of
oombct, installations may be set up for exploitation of strata suitable for
the extrastion of ounstruction material are sot off by speolal symbols. The
maps show ell oxisting end abandomsd open pits, suone quarries, mines, lime
kilns, Brick fastories, statiorary gravel-usachers, stome crushers, etc.

More detailed infoarmation of the locations 1s given in epecinl tebles
which ars either located op the merging of the maps or are lsasusd separately,
In “he war of 19ih - 1915, maps of constructiun materials om various sc.las
from 1: 420,000 tu 1: 75,000 vi%a refsrencs tehles vare propared eurly and
issued to the Russlan ard.

In the prosooution of Werld Wer II the most varth vhile were the oon-
stzuotion material maps with tablee giving the most impartsnt data for mractical
parposes for each location: the compesition, mature and enitadility of the
vtraita for specifio purposes, the produotive ocapacity of the & it. the
availsdle supply, the capacity and ocaposition of the ceppings hm_?
the smount of watar prossnt, the eanlitions of exploitation and zcoessibility.

In oonclusicn, it mst de noted that in World War I and IT a oomplsx
Ipe of mad was used, vhich vas known as "enginsering geologicel” or "militery
@ologicsl,” (n these mps, vith a litho-logical dasis, ths pature of the
st ata and the smount of vater pressnt was cleerly drougnt cut. A large
dhare of the information vas devoted to serviocing the variocus types of
mlitary ownstrvotion, fortifications, underground mine laying, military roeds,
airfields. nilitary hydrotechnical warks., etc. Hovever, the smll sealo of
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mch mape {1: 500,000, etc.) does not permit repreasntation of all the necesoory
2.r; henee, theiw nme hy troops and 41 the ecemstruetion of defonnive militrre.
objects ig iimited. Thay are good as reference clds for specialists and
military men familiar with the application .f geology end the variovs branches
ot military ecgineering.

STAT

For the solution of varioms practical problems of Toartifiosation construe-
tion, undergrovnd nine leying, and tho like, it ia ardinarily necsesery to
construct opecialized meps on 2 lerger scele. For exsmple, far mine-laying
operations, specialized meps of seals 1: 25,000 end 1l: 10,000 are used.
Fig 38 shows & largs-sonie map (1: 10,000) composed by the Fnglish for the
sostor of the famous mine battle of Witshaete [Vitsheete (1)/ Witchsote (3)7
in the war of iyih - i%id, v -

Such large-scole mops ore zccompanied by seoticms, smell colwrne, and
block diegrams. A sample of milltery-geologieal profile-colum for wnder-
ground mine laying is given im Fig 3%.

In the compositicn of militery-geologicsl maps, firet, the verious
existing cartographical moteriols ore used, esuch s topographiocel, hydro-
logical, eoil, zeclogical, hydrogeclogicel, and engineering-geological
materiels, mave of ugeful minerals, roed waps, maps of swamps, voods end
vegetation, maps of verious hydrotechnical prodesses {1naluding water
supply), militery geographicel materials, etec. Along with theoo materiels
mch data ean b3 successiully gained fyom published and archivel accounts,
reporis, sketahas, tables, all kinds of reference mermals, collected sta-
tistics, etoc.

For eanmplo, in meking up terrain-traverasability mepe it is poseible
to gather from large-scale (1: £5,000 and 1: 50,000) geogrephical mps ail
the neceassary Anta or relte’ features, eteemmess of slopes, nature of
marehes, and to some extent on rivers, lakes, fords, forests, 1ceds, etc.

As a rule, however, this 1s not sufficlent; henoe, depending on the
! situetion and given the possibllity, it 1is elmost always necessary to <erTy
rome {1eld obsorvation in arder to gain the lackiag inf-rmetion and to
verify and currect the information on hand.

Under combat conditions, ground oheervation is ofien very d1fficult and
it 1s neocespary either tn give ud indspendent, specialized investigatioms or
+c ocmbine them with engimeering apd front-line prospeating.

Under poacetime ocndl.ions, sn the advenoe preparetion of rilitary

goologicnl maps, the mapping out of data reqiired for the vericus cpecislized
maps comstitutes a component part of the corplex, w’1livory-goological survey.
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Table 38. Military-Gsclogical Teble for the
Preperation of the Position before Stanisiav

[Retuced to mtiine form/

Aooss_or_Clayey Soil Resendbling Losse
Rature of Strata: Losss-Argillo-quartzitio, dusty esoil with lime

pro—y ) P W W onn B B N o mpmhany AW A M &
I sostont, yollowish-Brovm oolor. Doposited oo walor &3vidss im foam of

blanket dsposit in velns up to 18 meters deep. Kot found in valleys.

Clayey loeso-like poil - lossa having acquired
mopertics of slayey soil, Dmpure {uncleen). Sometimes more nandy,
especially in valleys.

Worimbility: Easily workeble with shovele.

Firmess: Good in &ry woeathor, In wet weather, quickly detericrates.
Inolined to crumdling if trench Walls are not reinforoced with Taseines,

Relation to Water: WVater may de expected cnly in lowsr pert of loous
blanket deposit in plateens; on slopes there genarally ie nome. Loess io
impermeable to water; alaysy soil even less permeablo,

. Beture in Relation to Artillery and Mortar Fire: Tendency to dbreel:
of f vertioelly exerts harmful influence on resistanoce of trenches to
pressure of dstomatioms. Hoadoover (TH: flocrs? overlapping?) of oave
shelters eesily crumbles if not reinfarced Ly framework.

. Condition of Treuches in Keiny Weather: Bad, if tremohes :Te not
reoinforned with fasoines and their floors not providsd with @rilled flooring
. and drainags ocanals,

Organization of Cave ebalters {Mugouts): Good shelters (dugouts) oen
b9 dug in lorss on slopes end likewise on platesusd ‘f low-lying, water-
bearing otrate ere not reached, In passeges through Water-beering strata,
mine relsases mist be insulated. .

. Qay
T Bature of Strata: Pre-erinently dluish, cometimes also greenish in

Worlability: Prowessed vwith mediva difficulty. Stioky in mountain ¢
. gulches. A amnll gritty ocmtent,

Firaness: Bud in tremches. Trenon valls mst de reinfarced against
slipping. In oave shelters (duguuts) and tummels very good 1€ meesures are
takei againgt flov of water through antrenoces.

Relation to Weter: Impervicus to water. C(uly soft<ns m top. DIry in
the depths.

o ¥eture in Relation to Artillery and Mautar Fire: Relatively good ro-

Condition or Tromohes in Rainy Weether: Very bed in the abssnoe of
offective water drainage.

» - -13 -
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Organization of Cave Sheltars (Dugmats): On elay foundetion, esve
chelters (fngouts), malleriss. twamels comletaly nonnthla . .

Gypeun .
Mature of Strata: White, sompast or gramlar rosky magses, Tsndsney to
form lumpe. I distingnished Yy its softness (wen de seratched with tho
Pingerncils) and its soludility in water.
Worknbility: Yorked with Aiffienity (arowber, blagting)

Firmoss: Alveys good.

Relatiom to Water: Oraeks and shell Lolss (eraters) from buwrets do not
hold water., Water solleste on the rook layur lying undermenth the gypsum
styatum,

! i ! |

¥aturs in Relation to Artiliery and Morter Fire: Prodelly possesses
good recistance {firmness). In cases of steep walls, thers is danger aof
fragmmtation sand formation of Lumpe.

Condition of Tremches in Ralmy Weather: Gool.

Orgrnization of Cave Shelters (Dugouts): Data on thias lsoking up to
peesent time. Hovever, good eave shelters (dugouts) mey be expeoted.

Detritus amd Conglomerate

Nature of Strata: Orushed gtone in mountains and ecnzlomerete (grovol-
stone) in wallays. The farmer presents itcelf in erumblings, the latter by
deoposits in present~day rivers and btrooks. Chiefly hard Carpathian aandstione
peddles. A small amount of sapd filler. Stonmes (bouldera) reach a sitze
lsrger than that of a heal (eepesially in vieinity of the Carpathienms).

Workability: Easily mroecscosd.

Firmess: Alveys bad.

Ralation to Water: Often water dearing. Digzing tremehes and cavo
shalters (dngouta) in detritus in mount:oinn st de evoided.

. Bature in Relation to Artillery end Mortar Fire: Very bad resistanee.
‘ . Dissonnected bdonldsra fragmmt off.

Conditicn of Trendhea in Rainy Weathar: Rainy weather does not exert
great inflvence.

Organization of Cave Shelters (Dugoute): Gserally not rescrmendsd in
view of danger of influx of water.

Gals
Nature of Btrata: m,ﬂﬂlmn'w«h.
Workadility: Rather hard to work espesially im mountain wallays.
Yivrmoss: Good.
Relation to Vater: There 1s culy Ssuger on level (f sidroll water.
Matare in Relation to Artillery and Morter Fire: Relatively favorsbdle,
Oondition of Trendhss in Ruiny Weethor: GOool, if grilled floaring is
. - 1% -
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